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Field Sample Precision: Quality-Assured (QA)
Methods versus Not Validated (NV) at the QA Level
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Precision is the starting point in the uncertainty budget. There is a significant differ-
ence between QA (blue) and NV (red) methods: the average individual PPig
precision for all five SeaHARRE activities is 5.6% and 10.3%, respectively. To
control uncertainties, precision warning limits should be set at approximately 3 and
7% (the green band), and control limts at 2 and 10% (dotted and solid red lines).
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SeaHARRE Summary of Field Sample Accuracy for
HPLC TChla Spanning 0.020-42.704 mg m-3

If an uncertainty exceeds 50%, more untruthful infor-
mation is being provided than truthful (at some level).
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(blue bars) or not (red bars).
For the latter, the worst-case
average result is shown at
the top of the bar (individual
samples can be worse). The
QA methods have the lowest
uncertainties; they always
meet the 25% validation re-
quirement and almost always
satisfy the 15% refinement
objective. Furthermore, there
is a functional decrease in
the uncertainties for the pro-
gression from the primary 4
pigments to the sums and 0- | | | |
ratios, followed by a small TChla Individual Sum Ratio Index
increase with the indices. Pigment Category
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There is a functional decrease in
uncertainties for the progression
from individual pigments to pigment
sums and pigment ratios, followed
by a small increase with pigment
indices.
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Field Sample Accuracy Also Establishes Method
Differences and the Problematic Pigments
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There is a significant difference between QA (blue) and NV (red) methods: the
average individual primary pigment (PPig) precision for all five SeaHARRE activities
Is 5.6% and 10.3%, respectively, and the former is always better than the latter. For
QA results, warning limits should be set at approximately 3 and 7% (the green
band) and control limts at 2 and 10% (dotted and solid red lines).
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@/ Field Sampling for SeaHARRE-5

The emphasis for SeaHARRE-5 was on coastal waters. Two different sample sets
were collected in the rivers, estuaries, and bays of New Hampshire (USA) and
Tasmania (Australia). The former were anticipated to be the most complicated and
likely to contain confounding compounds, whereas the latter were expected to be
the cleanest. All samples were collected in triplicate and distributed in late 2008
and early 2009.

e —— /
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Establishing the Quality-Assured (QA) Subset to
Ensure a Proper Referencing System

The first step in the analysis of the SeaHARRE data is to establish the QA (A’)
subset. This is initially based on the precision obtained with the field samples.

A method not reporting all primary pigments for all samples is excluded (C and ).

A laboratory with an average precision not satisfying the metric for semiquantitative
analysis—more than 8% plus 2% for field sample variability—is excluded (E and O).

In addition, a laboratory with three or more primary pigments with a precision worse
than 10% is considered for exclusion (K and N).

Table 3[[TChla] [TChib] [TChilc] [Caro] [But] [Hex] [Allo] [Diad] [Diato] [Fuco] [Peri] [Zea] [ Avg.

C 6.0 T 9:9 9:8 2:1 3l 5.1 7yl 9:3 0.7 4.1 4.2 55 1
D 4.6 4.5 6.3 7.1 5.4 5.3 7.2 80 138 92 9.6 10.6 79
E 7.8 148 343 13.7 S:1 3.3 10:) 18.1 19.3 8.0 19.1 11.2] 137
G 5.8 6.4 6.3 7.3 242 | S 6.5 9.2 91 9.7 6.1 6.1
H 4.5 4.4 4.9 4.6 3.7 4.9 4.7 5.6 14.1 4.9 8.3 5.6 5.8
I 126 35.1 2a.F T30 23 18.3 6.0 23.7 44.1 35.3 28.1] 29.5
K 6.3 145 11.1 8.0 10.6 2.9 5.4 6.0 20.7 5.2 7.0 9.3 8.9
L 4.1 4.3 9.0 7.2 3.6 2.3 4.8 6.4 10.7 4.5 8.5 6.1 5.7
N 5.6 6.0 7.4 7.7 6.0 8.2 5.6 10.1 11.6 53 11.8 6.3 7.6
0 8.8 7.5 10.5 440 2.3 7.0. 230 8.1 6.7 1380 115 7T41| 133

T8 5.8 6.1 4.4 4.5 1.4 1.9 4.5 6.7 9.2 5.1 5.9 4.9 4.7
T18 8.4 8.5 6.5 5.6 1.2 2.6 4.4 6.6 74 5.6 6.5 4.3 5.7
A' Avg 4.7 4.9 DLl 6.6 Sl 3.9 5.6 6.6 12.0 4.9 9.0 7ol 6.2
A" Avg 7.9 132 143 224 %l 6.3 84 113 119 128 138 11.6] 117
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Additional Consistency Tests for Establishing the
QA Subset

Consistency tests are applied to all the candidate methods for the QA subset. If a
method significantly fails one of these tests, it is excluded.

T18 | Diato  Peri T8 | Diato  Peri N Zea Zea+lut Lab. Lut Neo Neo+Vio Viola Zea+lLut
A 80.6 98.3 A 80.6 98.3 A 107.6 16.0 D 19.0 18.2 16.3 16.2 11.5
B 74.5 11.0 B 5383 563 B 94.7 98.4 G 36.5 9.2 12.1  16.5 11.4
C 81.8 14.8 C 81.8 30.4 (& 190.0 311 H 25.2 15.6 13.7 17.9 8.1
D 60.1 98.2 D 22.3 982 D 63.9 43.0 L 27.4 15.1 12.8 17.4 11.8
E 38.0 98.9 E 229 98.9 E 34:3 19.7 K 176.9 44.4 342 34.1 48.8
F 50.2 97.9 F 36.4 11.7 F 49.4 36.7 e . " .

G 43.4 102 G 91.9 32 G 89.4 17.5 Slgnlflcant /nconS/Stency with reSpeCf
H 18.5 97.9|| H 20.3 97.9 H 49.7 23.4 to the emerging or established QA

I 56.5 994 | 3.0 994 I 65.9 30.9 subset

J 65.8 99.6 J 30.5 996 J 43.1 12.0 3

K 36.1 22.1 K 20.5 23.0 K 48.2 14.7

L 36.6 99.0 L 96.9 99.0 L 120.9 26.9

AA | 93.7 6.4|| AA| 937 159 AA | 433 26.2| A primary goal of these tests is

AB 96.5 0.4 AB 96.5 8.7 AB 94.8 95.2
ol ass Yol ae | oss ioal | ae | x84l to remove as many sources of

aD | 931 s2|| AD | 94 168 | AD | 202 54| bias as possible—for as many
AE | 98.1 0.6(| AE [ 98.1 10.3 AE 43.5 6.1 pigments as possible—in the

v | oo sedl| x| seo ol | 6| %20 todl proxies for . This does ot

AH | 97.8 06|| AH | 180 115 AH | 192 145| mean every pigment in the QA
Al 90.3 0.7 Al 517.5 12.4 Al 19.0 12.5 Subset iS necessar"y unbiased.
Al 94.7 0.2 Al 33:1 10.3 Al 30.7 25.4
AK 98.7 99.9 AK 3.3 99.9 AK 82.1 2.2
AM 97.9 8.5 AM 4.5 20.4 AM 177.6 15.7

Large number of false negatives. Coelution evidence.
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Details of the PPig Uncertainties for the Methods in
the QA Subset

Table 13 |[TChla] [TChlb] [TChilc] [Caro] [But] [Hex] [Allo] [Diad] [Diato] [Fuco] [Peri] [Zea] | Avg.
A 4.1 9.8 19.0 8.0 101.4 0.0 3.8 6.5 80.6 3.9 23.6 7.7 22.4
B 4.3 2.2 18.2 7.8 0.0 49.3 6.5 4.7 111.7 7.2 19.5 5.3] 19.7
& 3.7 2.4 19.1 7.3 98.6 64.3 4.6 5.6 81.8 40 23.0 9.6 27.0
D 5.7 9.5 9.8 10.1 15.0 7.4 4.5 2.6 5:1 8.4 33.6 8.2 10.0
E 4.0 D 9.8 6.5 6.4 4.7 3.9 3:6 8.6 49 25.2 6.5 Tl
F 4.7 8.2 121 73 10.3 4.9 4.5 49 17.1 6.0 20.8 21.1 10.1
G 4.6 9.1 13.2 72 11,3 9.7 7.9 7.7 497 6.8 10.0 71 12.0
H 3.3 56 10.5 6.0 5.6 4.6 4.8 57 13.2 3.0 7.5 5.4 6.3
I 4.1 5.9 8.5 6.2 4.3 4.4 5.8 5.7 5.2 3.7 7.5 6.6 5.7
J 3.6 73 9.3 7.3 495 3.6 5.5 5.6 10.0 28 123 8.0] 10.4
K 2.9 7.6 9.8 6.5 123 4.3 6.3 6.4 13.9 j % 5.5 6.6 7.0
L 4.8 59 209 7.8 48.2 9.5 9.4 9.3 48.5 2.8 21.4 4.2 16.0
AA 7.9 75 10.2) 353 0.0 18.2 Z.5 145 12.3 6.0 10.8 14. 12.0
AB 7.5 15.7 8.4 36.9 0.0 0.0 84 10.4 55.1 5.8 52 13.9| 13.9
AC 52 13.1 11.5 43.5 0.0 00 139 183 12.0 8.0 9.9 28.7| 13.7
AD 3.3 9.4 83 288 436 12.0 12.1 225 23.7 5.7 9.8 7.0l 15.5
AE 53 129 8.6 26.3 0.0 234 13.6 12.6 14.4 7.4 10.0 7.3 11.8
AF 13.4 3.7 30.7 0237 0.0 103.6 9.6 27.1 BT 5.2 28.8 5.9] 25.8
AG 7.6 3.1 28,6 139 0.0 0.0 11.8 14.2 101.4 5.1 24.8 6.2 18.0
AH 6.1 20.4 9.1 382 13.6 13.8 74 17.8 10.0 8.6 10.0 10.6] 13.8
Al 4.8 7. 1500 233 22.7 9.0 93 1683 21.7 6.9 11.8 8.0 13.2
Al 5.9 8.7 99 326 184 9.0 4.1 19.3 8.9 5.4 9.3 10.0] 11.8
AK 56 10.1 234 157 49.5 1374 13.6 12.5 49.3 58 249 11.5| 30.0
AM 7.6 7.0 2250 239 0.0 55,5 243 345 350 18.1 13.3 18.3] 21.7

A' Avg. 5.4 83 144 179 21.3 22.9 850 121 3553 59 15.8 9.9] 14.8
A' US 4.2 6.7 13.4 7.3 302 13.9 5.6 5.7 371 46 17.5 8.0 12.9
A' Aus. 6.7 99 155 285 123 31.8 11.3 185 334 7.3 14.1 11.8] 16.8
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Details of the PPig Uncertainties for the Methods Not
in the QA Subset

Table 20 [[TChla] [TChlb] [TChic] [Caro] [But] [Hex] [Allo] [Diad] [Diato] [Fuco] [Peri] [Zea] | Avg.
A 223 48 870 672 67.6 2111 26.7 61.8 80.6 40.6 146.4 174.4| 87.5
B 17.2 26.0 496 46.0 429 793 11.7 29.8 210.8 8.1 52.4 179.3] 62.8
€ 176 29.0 61.5 41.5 657 429 243 29.3 81.8 6.4 52.7 128.7| 48.5
D 16.3 349 30.1 36.6 22.4 19.1 12.2 259 448 14.1 100.1 67.7] 35.3
E 3.3 23.7 187 43.] 150 157 157 280 399 121 74.0 42.8| 28.5
F 16.0 20.2 21.7 408 346 153 19.0 31.5 430 114 56.0 53.8/ 30.3
G 1.7 ®70 286 350 832 23.2 17.1 19.8 550 114 109 136.3] 41.6
H 13.6 20.2 19.2 405 434 144 237 194 422 11.8 87.5 69.4| 338
I 122 21.7 21.8 40.7 148 134 174 239 394 11.5 543 574| 274
J 120 173 21.6 347 85.2 12.7 13,5 243 429 8.3 66.7 56.2] 33.0
K 11.8 216 180 394 269 160 134 23.0 23.6 14.0 239 46.9| 232
L 14.5 9.6 46.6 50.0 854 389 259 33.1 73.9 9.9 894 87.7| 47.
AA 19.7 23.3 33.6 404 0.0 103.0 480 183 71.7 10.2 109 76.0 37.9
AB 24.3 24.3 35.5 40.2 0.0 0.0 39.6 15.0 109.6 13.0 7.4 92.8| 33.5
AC 15.2 44.0 32.1 40.3 0.0 00 248 19.7 71.1 126 11,9 87.9] 30.0
AD 11.6 20.7 359 485 758 298 26.0 225 534 123 123 65.5| 34.5
AE 22.3 29.0 26.0 345 1273 77.2) 2¢:5 164 595 19.1 10.0 99.3| 45.7
AF 23.1 20.6 354 45.6 0.0 92.2 24.1 28.1 ¢35 103 223 58| 375
AG 14.2 22.6 47.5 48.0 0.0 360.2 254 485 ©67.6 17.6 ©60.2 ©60.4| 64.3
AH 25.5 345 286 488 74.3 31.0 38.1 224 46.5 16.6 10.3 83.0/ 38.3
Al 9.7 21.7 329 473 69.2 56.3 29.0 36.2 139.1 13.1 21.3 85.9| 46.8
Al 22.7 248 398 493 80.6 63.8 235 300 674 120 11.6 84.5| 425
AK 15.6 27.8 28.1 33.8 905 112.1 32.6 140 71.3 20.7 38.6 94.2| 48.3
AM 170 ‘155 35.1 47.1 281.9 148.3 41.0 36.5 61.1 27.3 17.7 78.6| 67.3

A" Avg.| 16.6 27.7 348 433 578 657 250 274 69.6 143 437 86.8| 427
ATUS| 149 29.7 354 430 489 41.8 184 292 648 13.3 67.9 91.7] 41.6
A" Aus.| 184 257 342 436 66.6 89.5 316 256 743 154 19.6 82.0| 43.9
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Summaries of the PPig Uncertainties for all the
Methods

Table 24 |[TChla] [TChlb] [TChilc] [Caro] [But] [Hex] [Allo] [Diad] [Diato] [Fuco] [Peri] [Zea] | Avg.

3.3 6.0 9.5 148 17.8 28.3 7.8 8.7 34.0 88 26.8 129 14.9
5.9 5.0 74 111 215 27.4 75 8.0 31.7 43 12.0 8.5] 12.5
86 102 23. 29.0 28.5 19.0 10.2 16.8 48.2 7.0 152 6.4 18.5
39 12 178 16.7 174 16.8 8.4 149 273 3.6 9.1 11.8] 13.3
33.6 325 220 443 446 40.5 416 42.2 627 304 453 45.8| 405
280 678 489 61.5 439 26.7 222 299 793 15.2 41.0 89.0] 46.1
304 498 57.6 825 642 449 715 584 384 77.2 92.0 60.6
8.2 145 264 127 304 29.7 108 11.4 4438 3.5 27.6 S2.7\pmZc
47 138 134 9.5 1390 251.0 76 306 553 120 163 71.5| 52.0
185 10.6 30.7 87.6 445 47.1 27.1 339 746 172 56.2 229.8| 56.6
T8 1227 23.8 156 21.0 384 29.5 20.2 8.0 90.4 6.5 45.0 36.6] 29.0
T18 140 135 51.1 282 439 308 156 17.6 73.0 7.5 426 36.4] 31.2
A' Avg 5.4 83 144 179 21.3 22.9 8.5 12.1 353 5.9 158 9.9] 14.8
A" Avg| 16.6 27.7 348 433 578 657 250 274 69.6 143 43.7 86.8] 427

OCZA"A—mOrMrITomO

The details of the PPig uncertainties for all the laboratories show many of the
pigments for the laboratories not in the QA subset are within the requirements for
calibration and validation activities: 15% for TChl a and 25% for all the other
pigments. Some of the results for the QA subset exceed the thresholds for
calibration and validation (red), but the PPig averages are all to within 25%. The K
results also satisfy the 25% PPig threshold even though K was not part of the QA
subset; the only anomalous performance is with Zea. Both the T8 and T18 results
very nearly satisfy the 25% threshold and with some improvements to just a few
pigments, these methods can very likely be brought into the QA subset.
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Confirmation of Laboratory Performance Within the
Tertiary Pigments

Table 24 | [Lut] [Neo] [Neo+Viola][Phytina][Phidea] [Pras] [Viola] [Zea+Lut]| Avg.
D 19.0 18.2 16.3 14.5 59.5 51.3 16.2 11.5] 25.8
G 36.5 9.2 12.1 11.6  29.2 77.9 16.5 11.4| 25.6
H 25.2 15.6 13.7 9.2 24.1 95.6 17.9 8.1 26.2
L 27.4 15.1 12.8 12.2 396 420 17.4 11.8] 22.3
C 65.2 49.5 46.0 201.3 81.9 51.2 48.1 46.5| 73.7
E 36.1 28.9 46.8 95.8 46.1 33.4 37.4| 46.4
I 92.0 96.7 83.4 85.8] 89.5
K 176.9 44 .4 34.2 479  34.1 48.8| 64.4
N 26.7
@) 77.6 79.7 30.3 39.0 84.6 103.5 126.4| 77.3
T8 37.0 25.3 20.2 48.3 69.1 S5Ta3 157 38.9| 39.1
T18 54.6 33.3 138.9 38.2 ©63.6 41.8 28.9 40.2|] 54.9
A' Avg. 27.0 14.5 137 11.9 38.1 66.7 17.0 1071 250

A" Avg.] 895 514 66.4 409 66.9 603 43.1 57.7] 59.5

The tertiary pigments are usually characterized by poorer accuracy, and for the QA
subset the average accuracy is 25.0%. For the methods not in the QA subset, the
average accuracy is 63.6%. For both types of data, there are recurring indications
of false negatives (uncertainties just below 100%), and false positives (uncertainties
above 100%) for methods not in the QA subset.

Given the high uncertainties for some of the important tertiary pigments, even in the
QA subset (e.g., Pras), a relevant question is: How can we improve the quanti-
tation of these pigments?
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Individual HPL pigment APDs
per sample from SeaHARRE-3
exhibit a strong increase once
the SNR is less than 50. A
subset of carotenoids, which are
frequently found in low concen-
trations are shown. The data are
split into two groups: all QA
laboratories agree a pigment is
present (solid symbols), and
one or more laboratories do not
report a pigment as present
(open symbols). The data show
that when all laboratories do not
agree a pigment is present
(open circles), the HPL SNR is
about 50 or less and the
average HPL APDs are 29%;
but when all QA laboratories
agree a pigment is present
(solid symbols), the average
HPL APDs are 7%.

Uncertainty [%]
N BN (o)}
o o a2

o

Trace Analyses, Accuracy, and Detectability:
Uncertainties as a Function of SNR

The diamonds are for the DHI Mix and the
yellow area is fora SNR of 50 or less.
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